To examine the impact of maternal obesity on the rate of suboptimal ultrasound visualization (SUV) of fetal anatomy and determine the optimal timing of prenatal ultrasound examination for the obese gravida. METHODS: A computerized ultrasound database was used to identify ultrasound examinations for singleton gestations performed between 14 0/7 and 23 6/7 weeks at a tertiary care, university-based hospital. Patients were divided into four groups and categorized based on body mass index (BMI): nonobese (BMI o30 kg/m 2 ), class I obesity (30rBMIo35 kg/m 2 ), class II obesity (35rBMIo40 kg/m 2 ), and extreme obesity (BMI Z40 kg/m 2 ). The rates of SUV for fetal cardiac and craniospinal structures were calculated for each group and compared. RESULTS: A total of 11 019 pregnancies were studied, of which 38.6% of the patients were obese. Overall, the rate of SUV of the fetal structures was higher for obese compared to nonobese women for both cardiac (37. With increasing gestational age at examination, the rate of SUV decreased for both obese and nonobese women. However, for obese women there was minimal improvement in visualization after 18-20 weeks. Even after adjustment for gestational age and the type of ultrasound machine, obese women (class I, class II, and extreme obesity) were still associated with increased odds for SUV of the fetal cardiac and craniospinal structures compared to nonobese women. CONCLUSION: Maternal obesity increases the rate of SUV for the fetal cardiac structures by 49.8% and for the craniospinal structures by 31%. The optimal gestational age for visualization of fetal cardiac and craniospinal anatomy in obese patients may be after 18-20 weeks.
Introduction
More than 45% of US women aged 15-49 y are overweight or obese. 1 Obesity prior to pregnancy increases the woman's risk during her entire life cycle. Obesity increases risks for infertility as well as maternal and fetal complications during pregnancy including pre-eclampsia, gestational diabetes, cesarean delivery, infections, macrosomia, and even stillbirth. 2 Maternal obesity, independent of diabetes, has been associated with an increased risk for fetal structural anomalies; primarily neural tube and cardiac defects. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Thus, the ability to visualize adequately these structures at midtrimester prenatal ultrasound examination has significant clinical implications. Sonographic technologies and techniques are constantly improving and continue to fuel attempts to perform these examinations at earlier gestational ages, thus enabling earlier diagnoses and interventions. 13 However, sonographic visualization of fetal structures is adversely affected by the size of the body fat layer and thus the degree of maternal obesity. 14, 15 The impact of obesity on the quality of prenatal ultrasound examination was described by Wolfe et al, 16 in 1990, who found a greater risk for suboptimal visualization only when body mass index (BMI, kg/m 2 ) was above the 90th percentile. Although this finding (a decreased ability to visualize fetal structures with maternal obesity) was described over 14 y ago, quantification of this effect based on the severity of obesity using National Institute of Health (NIH) guidelines 17 is not well defined. There is also limited data on the optimal timing for performance of the midtrimester ultrasound examination for obese women. Our objectives were to (1) determine the rate of suboptimal ultrasound visualization (SUV) of cardiac and craniospinal structures with increasing severity of maternal obesity and (2) determine the optimal gestational age for the timing of midtrimester ultrasound examination of the obese gravida. ). SPSS statistical software package was used (SPSS Inc., Chicago, IL, USA). Analysis of continuous data was performed with the Student's t-test (parametric) or the MannWhitney U-test (nonparametric) and the Fisher's exact test was used for analysis of categorical variables. One-way analysis of variance (ANOVA) was used to examine the relationship between maternal obesity and the rate of cardiac and craniospinal SUV. Multivariable logistic regression analysis was performed to adjust for the maternal obesity, gestational age, and type of ultrasound hardware used. A P-value o0.05 was considered significant.
Methods

Results
During the study period 11 019 ultrasound examinations met the inclusion criteria and were abstracted for analysis. Within this population, 4200 (38.6%) patients were obese and 6819 women (61.4%) were nonobese. Clinical characteristics of the study patients are shown in Table 1 . There were no differences between obese and nonobese women in the rate of oligohydramnios (3.6 vs 4.6%; P ¼ 0.5) or anterior placenta (49.8 vs 50.4%; P ¼ 0.48).
The rate of SUV of the fetal structures was increased in obese compared to nonobese patients for both cardiac (37. Figure 1) . The SUV rate for fetal cardiac and craniospinal structures correlated with increasing BMI (Spearman's correlation: 4.4 and 6.4, respectively; Po0.0001).
We analyzed the influence of the gestational age at the time of the exam on the rate of SUV. Ultrasound examinations were stratified by gestational age (14-16, 16-18, 18-20, 20-22 , and 22-24 weeks gestation) and the rate of SUV was compared for each gestational age interval between the BMI groups. The rate of SUV of cardiac structures decreased with advancing gestational age for all study groups (see Figure 2 ). In the nonobese population, cardiac SUV gradually decreased to a rate of 8.2% at 20-22 weeks gestation (Po0.0001). Class I and II obesity groups had a continuous decrease in SUV rate of cardiac structures until 18-20 weeks with minor improvements after 20-22 weeks. The extreme Maternal obesity and suboptimal ultrasound visualization I Hendler et al obesity group had 46.6% SUV of the cardiac structures at 18-20 weeks with no further improvement at a later gestational age. Figure 3 describes the visualization of craniospinal structures for each BMI group based on gestational age. Nonobese women had a gradually decreased SUV until 20-22 weeks gestation (18.6%). Class I and II obesity groups had decreased SUV for craniospinal structures visualization with advancing gestational age until 18-20 weeks, while the extreme obesity group showed an SUV rate at 20-22 weeks of 36.2%.
After adjustment for gestational age at the time of the exam and the type of ultrasound machine used for the examination, all obesity groups were associated with increase in the odds for SUV of both the cardiac and craniospinal structures when compared to the nonobese patients (Table 2) .
Conclusions
This study offers important information to any health practitioners who counsel obese patients with regard to pregnancy and, in particular, maternal-fetal medicine or prenatal diagnosis specialists. In this retrospective, crosssectional study, we found a 49.8% increase in the rate of SUV of the fetal cardiac structures and a 31% increase in SUV of the craniospinal structures for obese women. The ability to view these anatomic structures was affected even in 'mild and moderate' obesity (class I and class II). For women with extreme obesity, the rate of SUV was up to 46.6% even at 20-22 weeks gestation. After adjustment for gestational age at the time of the exam and the type of ultrasound machine used for the examination, all obesity groups were still associated with increase in the odds for SUV of both the cardiac and craniospinal structures when compared to the nonobese patients.
Our findings are in agreement with prior studies. Wolfe et al 16 studied 1622 singleton pregnancies at a mean gestational age of 28.5 weeks. These investigators reported that BMI above the 90th percentile was associated with 14.5% fall in visualization. Wong et al 11 studied the connection between obesity, diabetes, and sonographic visualization of the fetus. The image quality was considered to be unsatisfactory in 37% of the diabetic women and they concluded that this high rate of SUV is mainly due to increased BMI in the diabetes group. In this study, it was noted that there was not only a high incidence of incomplete and suboptimal first examinations but also that the majority of women who had repeat ultrasound scans still had SUV (86%). The detection rate for fetal anomalies was associated with the ability to complete the scan. Only 30% of the anomalies were detected prenatally in the obese women compared to 73% detection rate in the nonobese diabetic population. After excluding anomalies that most likely would not be detected by a prenatal ultrasound exam, there still was a significant difference in the detection rate (42 vs 86%). The reduced ability to visualize fetal structures (cardiac and craniospinal structures) for obese women has significant clinical impact. Maternal obesity carries a significant risk for fetal anomalies. Queisser et al 5 found that among 20 248 newborn born in the city of Mainz, Germany, the prevalence of malformations in children of obese mothers was 11.1% and 4% higher than the prevalence in the total study weeks based on the severity of maternal obesity. *Po0.0001, **Po0.001.
Maternal obesity and suboptimal ultrasound visualization I Hendler et al population. Mikhail et al 4 performed a retrospective study on nondiabetic African American women. Among more than 38 000 deliveries, obese women were significantly more likely to have babies with a cardiac anomaly (odds ratio (OR) 6.5; 95% confidence interval (95% CI) 1.2-34.9; P ¼ 0.025). Two studies by Shaw et al 6, 8 found an increased risk for neural tube defects in the offspring of obese women. In addition, there is a known correlation between maternal obesity and diabetes, which also carries increased risk for fetal anomalies. 3, 6 Finally, Schwarzler et al 19 randomized
1206 women and compared the ability to complete the fetal anatomy scan at 18, 20, or 22 weeks. They concluded that in an unselected population, second-trimester ultrasound screening at 20-22 weeks rather than 18 weeks was easier to perform and less likely to require an additional scan. We found that while nonobese women had decreased rate of SUV with increasing gestational age both for cardiac and craniospinal structures until 22-24 weeks, for obese women the rate of SUV did not significantly decrease after 18-20 weeks. Our data suggest that the optimal timing of initial examination for obese women, in order to maximize the efficiency with respect to the potential duration of the scan and need for repeat scan, appears to be 18-20 weeks.
There are limitations to our study. The data were derived from a retrospective review of a computerized ultrasound database. Since the study duration was approximately 8 y, and involved many different sonographers, maternal-fetal medicine physicians, as well as different ultrasound machines, there is a possibility for some variation in performance and interpretation of ultrasound examination. Variations in the duration of attempted visualization may be affected by experience of the sonographers, coexisting indications such as the presence of maternal diabetes or abnormal serum screening results, previous pregnancy with fetal anomaly, positive family history, or history of abdominal surgery. Further, since we only evaluated the initial examination, patients may have had subsequent evaluation where adequate visualization actually occurred. Finally, use of color Doppler, harmonics imaging, transvaginal or transumbilical approach may also vary between sonographers.
Our study indicates that with each advancing category of maternal obesity, there is a progressive decrease in the rate of cardiac and craniospinal visualization of approximately 10%. Modifications in the counseling of obese patients and referring physicians about the ability of ultrasound to detect aneuploidy and spina bifida may be warranted due to increased rate of SUV of these organs. Moreover, we found that 18.7% SUV of the craniospinal structures, which reinforce the need for continued use of alpha fetal protein testing. With respect to detection of aneuploidy and/or cardiac abnormalities, more active use of first-trimester ultrasound for measurement of nuchal translucency (using transvaginal ultrasound) or the use of advanced ultrasound techniques such as harmonics imaging 18 may need to be explored in this population. Finally, this study provides some documentation with respect to medicolegal concerns that even in a tertiary-care university-based ultrasound unit, SUV of fetal anatomy is not a nominal occurrence in obese women. After adjustment for confounding variables compared to nonobese women, all three groups of obese women were still associated with increased SUV of the cardiac and craniospinal structures.
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